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Abstract
The purpose of this study was to investigate the end-point force trajectories of the fibularis longus
(FIB), lateral gastrocnemius (LG) and medial gastrocnemius (MG) muscles. Most information about
individual muscle function has come from studies which use models based on electromyographic
(EMG) recordings. In this study (N=20 subjects) we used electrical stimulation (20Hz) to elicit
activity in individual muscles, recorded the end-point forces at the foot and verified the selectivity
of stimulation by using magnetic resonance imaging. Unexpectedly, no significant differences were
found between LG and MG force directions. Stimulation of LG and MG resulted in downward and
medial or lateral forces depending on the subject. We found FIB end-point forces to be significantly
different than those of LG and MG. In all subjects, stimulation of FIB resulted in downward and
lateral forces. Based on our results, we suggest that there are multiple factors determining when and
whether LG or MG will produce a medial or lateral force and FIB consistently plays a significant
role in eversion/abduction and plantarflexion. We suggest that the inter-subject variability we found
is not simply an artifact of experimental or technical error but is functionally relevant and should be
addressed in future studies and models.
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Introduction
Although there has been much research on the coordinated actions of leg muscles in
plantarflexion actions little is known about the contributions of individual muscles. Three of
these muscles - the lateral gastrocnemius (LG), medial gastrocnemius (MG), and soleus (SOL)
– contribute to plantarflexion through a shared distal attachment, the Achilles tendon, and are
sometimes referred to as the triceps surae (TS). Another leg muscle, fibularis longus (FIB;
peroneus longus is interchangeably used in the literature) is classically described as an evertor
during plantarflexion due to its anatomical attachments and EMG based experiments (e.g.
Forestier & Toschi, 2005; Hopkins et al., 2007). Much of our information on the individual
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actions of these muscles comes from cadaver and animal studies which are each limiting in
understanding human muscle function.
Recent MRI studies (Yanagisawa et al., 2003; Segal & Song, 2005; Giordano & Segal, 2006)
in humans have found that FIB is highly active during plantarflexion tasks. However, through
the use of MRI we cannot determine the magnitude or direction of FIB’s force contribution
during plantarflexion.
Recent research on LG and MG suggest they may be activated differentially during different
plantarflexion tasks (Mouchnino et al., 1992; Segal and Song, 2005). Although it is well known
that LG and MG each have the ability to contribute significant force to plantarflexion, it is
unclear to what extent they produce lateral/medial forces. Preliminary work (Abelew et al.,
2002; Abelew et al., 2004; Burgess et al., 2005) has led researchers to propose MG is an
abductor due to higher EMG activation during turning movements. Giordano and Segal
(2006) positioned subjects’ feet at different off-sagittal (inversion/eversion or abduction/
adduction) angles during plantarflexion and used MRI T2 times to measure activity changes
in LG and MG. They did not find differences using this method between the off-sagittal and
sagittal plantarflexion tasks. However, in cadaver studies (Klein et al., 1996; Arndt et al.,
1999a; 1999b) differential medial-lateral forces at the Achilles tendon and in calcaneal
moments were found depending on the muscle(s) which were loaded and varied between
subjects.
Research focusing on the isolated end-point actions of LG and MG may yield further
information into their respective roles. More research on the biomechanical actions of FIB is
needed to determine why FIB may be strongly activated during the completion of these
plantarflexion tasks. The reason for the lack of data on these individual muscles is largely due
to the technical difficulties of isolating a single muscle since most movements are performed
through the use of multiple muscles.
Investigating the function of individual human muscles is difficult because there are few
movements utilizing only one muscle. Many investigators have relied on non-human animal
models to gain insight into human muscle function (e.g. Lawrence et al., 1993; Carrasco et al.,
1999). In many cases, data from animals are not translatable to humans due to differences in
anatomy and function between species, creating the need for direct testing in humans. Few
human studies have used invasive in vivo techniques to address force transmission from
individual or groups of muscles (Arndt et al., 1998; Finni et al., 2001; 2002). These procedures
are technically difficult and invasive, resulting in small sample sizes that limit the ability to
generalize results.
Human studies of individual muscle function, generally, combine data on muscle activity
(based on EMG or, more recently, MRI) and muscle architecture (based largely on cadaver
studies, MRI and/or ultrasonography) through the use of a biomechanical model. The models
range from relatively simple relationships based largely on relative percentages of muscle
activity and principal force directions (Laursen et al., 1998; Laursen et al., 2003; Nijhof &
Gabriel, 2006) to more complex biomechanical models that often require extensive computer
processing (see review: Erdemir et al., 2006.) While significant steps are being made through
the use of biomechanical models, the efficacy of these models is affected by the limitations of
the data acquisition techniques they rely on and the difficulty in incorporating individual
variation among humans (Erdemir et al., 2006; Finni, 2006).
Electrical stimulation is a non-invasive technique that may be used for the in vivo measurement
of individual muscle output. Electrical stimulation has been used to cause fatigue in individual
muscles (sternomastoid: Moxham et al., 1980; LG: Sacco et al., 1997; vastus lateralis: Akima
et al., 2002). Adams et al. (1993) reported changes in MRI-T2 relaxation times with muscle
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activity caused by electrical stimulation and suggest stimulation of individual muscles can be
performed. Experiments to assess the kinetic and/or kinematic outputs of individual muscles
using electrical stimulation have been conducted on tibialis anterior (Magnaris, 2001;
Giacomozzi et al., 2003; Orizio et al., 2006), biceps (Hong and Iaizzo, 2002) and sternomastoid
(Hong et al., 2005). However, electrical stimulation has not been used to focus on ankle
plantarflexors.
In this study we used electrical stimulation to activate LG, MG and FIB individually and
recorded end-point force directions to look for muscle specific differences and intra- and inter-
subject differences. We used MRI to verify that specific muscle tissue had been activated.
Methods
Subjects
Subjects between the ages of 18–55 were recruited. All subjects were able to walk and had no
history of nerve or muscle damage affecting their legs. We explained the protocol to each
subject and all gave informed, written consent to participate in the study (Fig 1). The
university’s Institutional Review Board approved all aspects of the study. Twenty four subjects
participated in this study. Twenty subjects were able to successfully complete one or more
trials.
Experimental protocol overview
Most subjects participated in two stimulation sessions on separate days (Fig 1). During the first
session, we familiarized the subject to electrical stimulation. We placed separate pairs of 5 cm
× 5 cm surface stimulating electrodes (Axelgaard Model CF5050, USA) on the subjects’ skin
overlaying the right LG, MG and FIB and adjusted the placement until the subject could
comfortably tolerate enough stimulation to allow visible foot movement (Fig 1). The
interelectrode distance from the center of one to the center of the other was approximately 6
cm. Subjects were seated with hip, knee and ankle angles of approximately 90, 140 and 90
degrees, respectively. Their right lower limb was constrained via Velcro straps in a custom
made, adjustable brace that was attached to a platform on the floor. Rigid supports for the thigh
and leg minimized the transfer of hip and knee joint forces and moments to the force transducer
at the foot. We then began the randomized five-minute trials of electrical stimulation of LG,
MG and FIB (Fig 1). We recorded end-point force measurements during each trial (Fig 2).
During the second session, we electrically stimulated only one muscle (randomly chosen
among LG, MG and FIB; Fig 1). MR images were taken before and after the stimulation trials
(Fig 1).
Each subject sat in the chair with their right foot tightly strapped to a plate (Fig 2) which was
attached to a Multi-axis Force/Torque Sensor System [ATI, USA; Range: 330N (Fx), 660N
(Fz); Resolution: .25N (Fx), .5N (Fz)]. Positive Fx, Fy and Fz are superimposed on the foot/
sensor system in Figure 2. The interface was configured so that forces generated through the
foot would be transferred to the transducer through a small contact area under the first and
second metatarsals. Forces from the foot could only reach the transducer through this contact
area that we refer to as the segment endpoint. Forces applied to the posterior aspect of the plate
(under the heel) could not reach the transducer as it was mechanically separate from the anterior
part of the plate Although some studies have compared moments and moment arms, particularly
those using cadavers, we chose to measure end-point forces because accurately choosing a
joint center for the measuring of moment arms is difficult in intact humans. Force analysis
offers a quantitative perspective on the extent to which the muscles of interest will pull outside
the plane of plantarflexion. The force plate was interfaced through an A/D board (National
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Instruments PCI-6259, USA) with a PC through which data were collected (200Hz) and
recorded for analysis.
Electrical Stimulation
A clinical stimulator (Richmar Thera-touch 4.7, USA) was used for all electrical stimulation
trials. For each stimulation trial, we increased the stimulation intensity until the downward
force was approximately 50N. We considered a trial successful if a subject could tolerate
enough stimulation to elicit at least 10N of force. In session 1 we used one stimulation protocol
for each muscle (LG, MG, FIB) successively (in a random order). During each five minute
stimulation trial, the subject was stimulated at a frequency of 20 Hz for 10 seconds followed
by 15 seconds rest (Fig 1). Following the stimulation trial in session 2, the stimulation frequency
was changed to 50 Hz and the subject received 10 minutes of continuous stimulation (Fig 1).
The additional stimulation trial was used to elicit enough muscle activity to cause differences
in MRI-T2 time measurements and thereby confirm stimulation of the desired muscle only.
The stimulation protocols were chosen based on our own preliminary experiments and a review
of previous literature (Moxham et al., 1980;Adams et al., 1993;Akima et al. 2002).
MR Techniques
During session two, subjects were scanned for leg and knee anatomy which was used to locate
muscles during analysis (T1 images; before exercises) and for specificity of leg muscle activity
due to electrical stimulation (T2 images; before and after stimulation; Fig 1). MR imaging was
performed at Children’s Healthcare of Atlanta in a 1.5 Tesla (GE: Signa, USA) scanner with
an axial multi-element volumetric coil for the leg. Details of the MR protocol have been
previously reported (Segal & Song, 2005;Giordano & Segal, 2006).
All MR data were transferred to a Silicon Graphics O2 Workstation on which T2 times were
calculated using a mono-exponential equation for each pixel to create T2 maps. After creation
of T2 time maps, regions of interest (ROI) for LG, MG and FIB were drawn by investigators,
as in previous studies, for each axial section per muscle per exercise condition by using custom
software developed within Matlab©. The ROIs for a particular muscle and exercise condition
were combined from all axial sections for statistical analysis.
Force Data Analysis
Data were processed using a custom Matlab program that subtracted the resting baseline
average immediately preceding the stimulation from the stimulation period average. For each
stimulation period Fx, Fy and Fz averages were calculated. The average of the ratio Fx/Fz was
calculated for each five minute stimulation trial for each subject and used in statistical analyses.
We chose to compare the ratio Fx/Fz to represent the force trajectory elicited by each stimulated
muscle to compare our results across subjects. In preliminary experiments, we found that the
ratio Fx/Fz was similar for a given subject at multiple stimulation intensity levels.
Statistical analysis
Force Data—The average of the ratio Fx/Fz for all session 1 data was compared using a
mixed model repeated measures Analysis of Variance (ANOVA). This method adjusted for
missing data assuming compound symmetry. Fisher’s least significant difference was used for
post-hoc analysis. Fisher’s exact test was used to compare positive Fx versus negative Fx
between the muscles. We computed the average of the ratio Fx/Fz for each subject and muscle
on each day. The averages between the two days were compared using intraclass correlations.
We performed tests for absolute agreement and consistency.
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Mean and standard deviation of T2 times were calculated within each ROI in a given axial
section and for the whole muscle per condition per subject. The percent change from the pre-
stimulation condition to the post-stimulation condition of the mean T2 time from each ROI
was used for all statistics.
We compared three ROIs (LG, MG, FIB) by using a repeated measures ANOVA for each
stimulated muscle (LG, MG, FIB). Compound symmetry was tested using Mauchly’s test of
sphericity. Fisher’s least significant difference was used for post-hoc analysis.
Results
The average ratio of Fx/Fz (end-point trajectories) for each subject for session 1 is plotted on
Figure 3. We plotted the ratio against the average Fz for each subject. Points in the positive x
and positive y quadrant represent averages which had lateral and downward force components.
Points in the negative x and positive y quadrant represent averages which had medial and
downward force components. A summary of the force data from session 1 is in Table 1. The
ratio Fx/Fz was significantly greater for FIB than LG and MG. There were no statistically
significant differences between LG and MG end-point force trajectories. The x-component of
the force trajectories when LG was stimulated had a greater trend toward medial force (negative
Fx: 15/20 subjects; 75%) while MG was more equally divided between medial and lateral
forces (positive Fx; 9/16 subjects; 56%, negative Fx: 7/16 subjects; 44%). Stimulating FIB
caused a positive change in Fx (lateral forces) in all subjects (17/17).
The average percent change of MRI-T2 times from the pre-stimulation to post-stimulation scan
for the muscles of LG, MG, and FIB are presented in Table 2. T2 time percent changes for LG
were significantly greater, when it was the targeted muscle for stimulation, than changes in T2
time of MG or FIB (p<.05). When MG was the targeted muscle for stimulation, MG T2 time
percent change was significantly greater than for LG (p<.05). Overall, when MG was the
targeted muscle MR T2-times of all analyzed muscles were close to zero and variable across
subjects and thus, of unlikely importance. When FIB was the targeted muscle for stimulation,
FIB T2 time percent change was significantly greater than LG and MG(p<.05). An example
of one subject’s MR images before and after stimulation of FIB is given in Figure 4.
The correlation between the Fx/Fz ratios for the two stimulation sessions for each subject is
presented in Figure 5. Intraclass correlations (ICC) were performed for each muscle. For
subjects who had their LG stimulated in session 2 (N=5), the average of the ratio Fx/Fz was
not significantly different on the two days and the data from the two dates were significantly
correlated (ICC absolute agreement = 0.923, ICC consistency = .920). For subjects who had
their MG stimulated in session 2 (N=7), the average of the ratio Fx/Fz was not significantly
different on the two days and the data from the two dates were significantly correlated (ICC
absolute agreement = 0.938, ICC consistency = 0.930). However, for subjects who had their
FIB stimulated in session 2 (N=4), the average of the ratio Fx/Fz was significantly different
on the two days and the data from the two dates were not significantly correlated (ICC absolute
agreement = −0.259, ICC consistency = −0.212); note in Figure 5 – one subject’s FIB data is
further from the line of identity than the other 3 subjects’ data).
Discussion
The force output of individual ankle plantarflexor muscles in humans has not been fully
investigated due to difficulties in activating one muscle independent of others and measuring
force safely and non-invasively. In this study, through the use of electrical stimulation and
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attempted verification of stimulation sites with MR imaging, distinct end-point force
trajectories were recorded for individual subjects for LG, MG and fibularis longus (FIB).
To our knowledge, this is the first study to examine FIB by selectively activating the muscle
in living human subjects. Most studies of FIB have used EMG recordings (Forestier & Toschi,
2005; Hopkins et al., 2007) or cadavers (Klein et al., 1996; Kim et al., 2003) and have not
focused on FIB as a plantarflexor. While subjects were unconstrained, we observed
plantarflexion during electrical stimulation of FIB. Although recent MR imaging studies have
found FIB to be highly activated during plantarflexion tasks (Yanagisawa et al., 2003; Segal
& Song, 2005; Giordano & Segal, 2006), the individual force contribution of FIB was not
measured. In the current study, we were able to continue to increase the electrical stimulation
intensity of FIB until the magnitude of downward force recorded was similar to the range
(around 50N) used for LG and MG stimulation. When subjects maximally voluntarily
plantarflexed we recorded forces around 200N. Therefore, 50N of force due to FIB stimulation
could make an important contribution to plantarflexion. However, we cannot conclude that the
50N of downward force was all contributing to plantarflexion. We must consider that due to
our choice to measure forces instead of moments, we cannot rule out eversion as contributing
to the measured downward forces. Given the location of the distal attachment, the course of
the fibularis tendon and the geometry of the foot, we feel that the moment arm for plantarflexion
was most likely longer than the moment arm for eversion. While this suggests a significant
contribution to plantarflexion moments, further work is necessary to tease out the degree of
plantarflexion and eversion generated by FIB. Similarly, the lateral component (Fx) may also
reflect a combination of moments, abduction and eversion in this case. In either case, forces
produced will tend to cause a consistent lateral deviation of the foot.
Although all subjects showed lateral and downward end-point trajectories (i.e. the direction of
Fx/Fz was the same) during FIB stimulation, there was variability in the relationship between
the lateral and downward forces (i.e. the magnitude of Fx/Fz was variable) among subjects.
Subjects could exhibit high variability in both magnitude and trajectory from stimulation of a
single muscle because of physiological and/or anatomical differences. For example, some
subjects may not have fibularis tertius in either or both legs (Eliot & Jungers, 2000; Witvrouw
et al., 2006; Rourke et al., 2007) and this may make FIB’s role as an everter more important
(Witvrouw et al., 2006). There is evidence that FIB innervation is variable (Barrett et al.,
2006) which could mean we were more or less likely to stimulate particular nerve branches in
subjects. This fact considered with the possibility of compartmentalization (Bakkum et al.,
1996) could mean that we stimulated different compartments to a different degree in different
subjects therefore causing variability in the magnitude of the force trajectory.
Medial or lateral forces produced by gastrocnemii muscles may be dependent on the individual.
We expected to find differences between the two heads of the gastrocnemius muscle
(Mouchnino et al., 1992; Lawrence et al., 1993; Carrasco et al., 1999; Lay et al., 2006). Based
on preliminary work (Abelew et al., 2002; Abelew et al., 2004; Burgess et al., 2005) we
expected MG stimulation to produce a stronger abduction component than LG stimulation.
However, we did not find a statistically significant difference in medial/lateral forces between
LG and MG. For both muscles we found stimulation to cause a medial force in some subjects
and a lateral force in others. A few subjects showed a different medial-lateral end-point force
on different days. It is not surprising that LG and MG did not consistently fall on either the
medial or lateral “side” because substantial variability in force/moment direction has been
reported in cadaver studies (Klein et al., 1996; Arndt et al., 1999a; Arndt et al., 1999b).
Although much variability may be physiological, we must consider variability due to possible
differences in experimental conditions (e.g. leg positioning and electrode placement). Klein et
al. (1996) found that there were inversion/eversion differences as the subtalar joint was rotated.
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Although the ankle was secured, we could not control subtalar or other intertarsal joint position
during our experiment. Shifting in these joints may have caused differences in medial-lateral
forces. However, there was less intra-subject variability than inter-subject variability
suggesting that the effects of differences in leg, ankle and foot positioning and shifting were
small. MR imaging and qualitative evidence based on subjects’ reports of where muscle
contraction occurred suggest that we achieved consistent selective stimulation of LG and MG
with electrode placements.
When Klein et al. (1996) focused on the subtalar joint and therefore inversion/eversion
movements, they found that the triceps surae moments changed from inversion to eversion as
they experimentally rotated the joint. The subtalar position which the pull switched direction
differed from subject to subject. Based on the figures in Arndt et al. (1999a), medial tendon
forces were greater than lateral forces in some subjects, while in others lateral forces were
greater. In Arndt et al. (1999b), loading of LG and MG caused variability in the direction of
calcaneal moments. In each of these cadaver studies, the experimenters had control over joint
positions to a much higher degree than we could in our in vivo study. Despite this control, they
found substantial medial-lateral variability. Considering these studies, we conclude the inter-
subject medial-lateral variability we found is not purely due to experimental/technical
variability but, rather, is physiologically relevant.
The MR results verify that when LG or FIB were the targeted muscles, stimulation of each
muscle, respectively, was responsible for the majority of the end-point forces that we recorded
and analyzed. When MG was the targeted muscle, it did not seem to be activated based on MR
imaging T2 time changes but no other muscles were significantly “active” either while force
was definitely produced. Multiple subjects reported that they felt the stimulation in the medial
calf muscle and we could visibly see contractions that appeared focused in MG. Therefore, we
suggest that either there was more diffuse activation of MG as to not register changes in MR
T2 times and/or there may have been additional spread to other muscles. MR imaging may be
limited in measuring muscle activity when that activity is low and/or dispersed (Prior et al.,
1999; Vandenborne et al., 2000). Due to the size of MG and possibly other anatomical
differences, such as subcutaneous fat, the diffusion of current may have been greater than in
either LG or FIB stimulations.
Our results suggest that individual subjects may have quite different force trajectories when
single muscles are stimulated. The question that remains is whether and to what extent technical
limitations, anatomical variation and/or functional differences account for this variability.
Although there was a large amount of variability in the force trajectory (Fx/Fz ratio) between
subjects for all three muscles which were stimulated, there was a much lower variability within
subject data even across different days. Considering the two-day data was correlated for almost
all subjects (Fig 5) we can predict that the potential technical (such as leg placement) variability
did not account for the majority of trajectory variability.
The repeatability of electrical stimulation as a technique for measuring individual muscle
function was investigated by Hong and Iaizzo (2002). They compared motor point stimulation
and nerve stimulation for biceps brachii, and compared results over multiple sessions and found
that there were no significant differences. Although they found “body position” to affect force
measurements they described these differences as “subtle”. In addition, subject variability in
muscle strength was noted. Anatomical differences such as compartmentalization (e.g. LG –
Segal et al., 1991; fibularis longus - Bakkum et al., 1996), innervation differences (e.g. fibularis
longus - Barrett et al., 2006) and differences in the number of muscles contributing to
movements (e.g. fibularis tertius –Witvrouw et al., 2006; Eliot & Jungers, 2000; Rourke et al.,
2007) could all affect the sensitivity of electrode placement in causing differences in force or
Giordano et al. Page 7













moment trajectories. The anatomic variability may possibly be used to explain some of these
differences.
Differences exist in the way in which individuals perform functional tasks (e.g. walking) and
cannot necessarily be predicted by simple anatomic measurements (Fukunaga et al., 1996;
Finni, 2006). EMG studies (Meskers et al., 2004) and MR imaging studies (Finni et al.,
2006; Giordano & Segal, 2006) have suggested variability in muscle activation patterns
between subjects. In addition, cadaver studies (Klein et al., 1996; Arndt et al., 1999) have
suggested differences in individual muscles force trajectories among subjects.
In conclusion, the MG and LG muscles may not be either distinct invertors or everters, nor
abductors or adductors but rather be more variable in their medial-lateral contributions due to
anatomical differences between subjects. FIB consistently pulled the foot laterally and may be
capable of contributing more force to plantarflexion than previously appreciated. These results
suggest a level of flexibility and potential adaptability in the human motor systems. Although
MR imaging proved a useful verification tool for LG and FIB stimulation, it could not be used
to conclusively determine stimulation of MG in the present study. Future studies should collect
more data on the extent to which MR imaging can be used to detect electrical stimulation of
different muscles. We have emphasized variability as an important result in and of itself.
Variability in group data should be considered and evaluations of muscle function must take
the individual into account. There are research (Knight, 2003), clinical (e.g. Barrett et al.,
2006) and social/cultural (Scotch & Schriner, 1997) consequences of not reporting or
considering inherent variability and differences within and between humans. Future studies
should focus on inter-subject variability and not treat it exclusively as a measure of
experimental error.
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Overview of Experimental Protocol. Subjects participated in two sessions. The order of testing
is demonstrated in this figure. E-stim is electrical stimulation. LG, MG, FIB were randomly
assigned to M1, M2, M3 for each subject. MR is magnetic resonance.
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Experimental setup with foot, ankle and leg constrained (left). Foot resting on force plate with
Fx, Fy, Fz reference system superimposed (right). Fx represents a lateral or outward force. Fz
represents a downward force. Fz direction is downward through the page.
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End-point force trajectories by subject. Each plotted point represents the average ratio for an
individual subject during session 1. Error bars represent standard deviation. A) Fibularis
longus. Electrical stimulation caused a lateral and downward force for all subjects. B) Lateral
gastrocnemius. Electrical stimulation caused a downward force for all subjects but a lateral or
medial force depending on the subject. In most subjects medial forces were elicited. C) Medial
gastrocnemius. Electrical stimulation caused a downward force for all subjects but a lateral or
medial force depending on the subject. There were an almost equal number of subjects with
lateral and medial forces elicited by electrical stimulation.
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An example of one subject’s MR images before and after stimulation of FIB. The brighter areas
indicate higher T2 times. A) Pre-stimulation images; B) Post-stimulation images. In the post-
stimulation images, the increases in T2 time are located in the area of FIB.
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Correlation of average Fx/Fz data between Day 1 and Day 2 by subject. Points which lie on
the line are ones in which the Fx/Fz ratio was the same on Day 1 and Day 2 for a given subject.
Average Fx/Fz values were significantly correlated for LG and MG. We did not find a
significant correlation for FIB data points. However, note that there are only four points of
comparison for FIB and one point is clearly farther away from the equality line than the others.
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Table 2
MRI results. Values are T2-time % change means ± SE. In each column the average percent change for the region
of interest (LG, MG or FIB) are presented for each stimulated muscle. Values for stimulated muscles are bolded.
Stimulated Muscle LG T2-time % Change MG T2-time % Change FIB T2-time % Change
LG N=6 6.05±2.20 −1.14±1.36* 0.70±0.88*
MG N=7 −2.38±0.70* −0.09±0.73 −1.39±0.43
FIB N=4 −2.20±1.10* −2.93±1.24* 9.64±4.24
*
Significantly less than mean T2-time % change of stimulated muscle.
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